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(54) System for providing a trustworthy user interface 



(57) The preferred embodiment of the invention 
comprises a computer system which employs a trusted 
display processor (260). which has a trusted processor 
(300) and trusted memory (305, 315, 335. 345) physi- 
cally and functionally distinct from the processor and 
memory of the computer system. The trusted display 
processor (260) is immune to unauthorised modification 
or inspection of internal data It is physical to prevent 
forgery, tamper-resistant to prevent counterfeiting, and 



has crypto f unctions (340) to securely communicate at 
a distance. The trusted display processor (260) interacts 
with a user's smartcard (122) in order to extract and dis- 
play a trusted image, or seal (1000), generate a cfigital 
signature of the bitmap of a document image and control 
the video memory (315) so that other processes of the 
computer system cannot subvert the image during the 
signing process. The user interacts with the trusted dis- 
play processor via a trusted switch (135). 
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Description 

Technical Field 

roooil The oresent invention relates to apparatus and methods for providing a user interface in a system, and in 
^Lr?ui" terl"e wh^ provides a^er with a high degree of confidence that the system is operating „ a 
trustworthy fashion. 

Background Art 

[0002] Conventional prior art mass market computing platforms include the well^own 

competing products such as the Apple Macintosh™, and a proliferation of knownpalmHop andteptop I*™*™ 
prtere. General*, marketsfwsu^ 

A general requirement for a computing platform for domestic or consumer use is a ^rvety h^ pro^ngpow^ 
Internet access features, and multi-media features for handling computef games. Forthstypeof conipu^pfattom. 
meTc^o^irSws - 95 and 98 operating system products and Intel processors, soiled WinTe. platforms, dom- 

[o^r Smother hand . for business use, there are a plethora of avaiabte proprietary computer plaflorm futons 
available aimed at organizations ranging from small businesses tomu^tional ^^^^"^J.^T^. 
plications, a server platform provides centralized data storage, and application furcbonaltty fora P< ura ^* c *" 1 
Eons. For business use. other key criteria are ratability, remote access, networking features. ^^J""«; 
For such platforms, the Microsoft Windows NT 4.0™ operating system is common, as well as the UNIX and. more 

S*v7^^ ra ^^ 

a soiled WIMP (windows, icons, menus and pointers) interface, who.eby a user typical* interacts "^PP^"™ 
usingakeycoarttoemerdateamian^ 

iS^rth^rincrease in commercial activity transacted overthe Internet, known as ■e-commerce', there has been 
much interest n the prior art on enabling data transactions between computing platforms, werthe Internet In particular. 
«TJ™™* to be important f or usem to be abte to enter into binding contracts over the Internet without the need 
f or ttecumS srandarJhand^igned paper contract. However, because of the potential for fraud andrn^teticnrt 
eTecSoSc <Sa. rn such proposals. fuOy automated transactions with d ^^^Z^^^ B 
as required lor a lully transparent and efficient market place have so far been held back. ^fJV^^^J^ 
of trust between users and their computer platforms, and between interacting computer plattorms. lor the makng of 

S^Sfteve been several prior art schemes which are aimed at increasing the security a^^iness 
of computer platforms. Predominantly, these rely upon adding in security features at the ^Icat^ level. ^ « tosay 
the security features are not inherently embedded in the kernel of operating systems, and are notbiitt n to the funda- 
mental hardware components of the computing platform. Portable computer devices have Blrear^appean^on ttte 
market which include a smartcard. which contains data specific to a user, which rsrputrtoa smartcard reader on the 
comouter Presently such smartcards are a1 the level of being addnan extras to conventional personal computers, and 
3! ^SSSSS into a casing of a known computer. AJthough Hiese prior art schemes go s^rrayto 
mpmving the security of computer platforms, the levels of security and trustworthiness gamed by pnor art schemes 
ma^Tco^lufSto enable widespread application of automated transaction, between ccrapuy plat- 
forms. Before businesses expose significant value transactions to electronic commerce on a widespread scale, tney 
wBI reauire greater confidence in the trustworthiness of the underlying technology m ,^_^. c 

2 ^applicants co-pending patent applications Trusted Computing Ptetfomr 99301100.6. filed at the B» 

repeal PatentX^ 

9905056 9. tiled at the UK Patent Office on 5 March 1999. the entire contents of which are 'ncorrx^ he rein by 
reference, there is dfectosed a concept of a trusted computing platform- ^P^^."^"!^^^^ 
a trusted component- in the form of a buifi-in hardware component Two confuting entities each P^°~r*~* 
a trusted component may interact with each other with a high degree of trust . That * to say, where U ^^^ 
computing entities interact with each other the security of the interaction is enhanced compared to the case where no 
trusted component is present, because: 

. A user of a computing entity has higher confidence in the integrity and security of his own computer entity and in 
the Wegrity and security of the computer enlily belonging to the other party; 
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• Each entity is confident that the other entity is in fact the entity which it purports to be; 

• Where one or both of the entities represent a party to a transaction, e.g. a data transfer transaction, because of 
the in-built trusted component, third party entities interacting with the entity have a high degree of confidence that 

5 the entity does in fact represent such a party: 

• The trusted component increases the inherent security of the entity itself, through verification and monhoring proc- 
esses implemented by the trusted component; and 

10 • The computer entity is more likely to behave in the way it is expected to behave. 

[00081 While the concept of a trusted component as described in the co-pending application goes a long way to 
providing to a user with a substantial degree of trust in a computer platform, there are still times when the user requires 
an even higher degree of trust in his equipment, for example during an electronic transaction, such as cfgitatly signing 
is a document, or transferring funds from the platform to a remote platform 

[0009] As has been indicated above, the conventional method of signing a document is to physically write a signature 
on the medium (usually paper) upon which an image of a document is reproduced. This method has the advantages 
that ft is clear what is being signed, and the signed image is proof of what was signed. However. It does not meet the 
needs of e-commerce. 

20 [0010] Nowadays ft is also possible to digitally sign a document, using a conventional computer platform and standard 
encryption techniques. In conventional computer platforms, however, the ptesent inventors have appreciated that the 
electronic rendition of a document which is digitally signed is typically not the same rendition of the document that is 
visible to the user. It is therefore possible for a user to unintentionally sign data that is different from that which he 
intended to sign. Conversely, it is also possible for a user to intentionally sign data and later fraudulently claim that the 

2& signod data does not correspond to that displayed to him by the computer platform. Such problems would sill bo the 
present/even if a trusted platform, as described above, were used. 

[0011] Conventional electronic methods of signing are well known to those skilled h the art Essentially digital data 
is compressed into a digest, for example by the use of a hash function. Then that digest is encrypted by the use of 
some encryption method that has been initialised by a secret key (or simply a 'secret 1 ). This is normally done on a 

30 computer platlorm, such as a PC. One implementation is to sign data using a private encryption key held secret on a 
user's smartcard. which is plugged into a smartcard reader attached to the computer platform. In the specific case of 
a textual document, the digital data may be the file produced by a word processor application, such as Microsoft's 
Notepad, Wordpad, or Word. As usual, the act of signing implies that the signer accepts some legal responsibility for 
the meaning of the data that was signed. 

-is [0012] Hash functions are well-known in the prior art and comprise one way functions which are capable of generating 
a relatively small output data from a relatively large quantity of input data, where a small change in the input data resurls 
in a significant change in the output data. Thus, a data file to which is applied a hash function resutts in a first digest 
data (the output of the hash function). A small change e.g. a single bit of data in the original data file will result in a 
significantly different output when the hash function is reapplied to the modified data file. Thus, a data file compnsng 

40 megabytes of data may be input Wo the hash function and result in a digital output of the order of 128 to 160 bits 
length, as the resultant digest data. Having a relatively small amount of digest data generated from a data file stored 
in the reserved directory is an advantage, since It takes up tess memory space and less processing power in the trusted 
component. 

[0013] During known signing processes, a user will typically interpret a document as it has been rendered on the 
<6 computer's monitor at normal magnification and resolution. In existing applications, the users smartcard signs data cn 
a format that is the representation of the document by the application used to create and/or manipulate the document 
The present inventors believe, however, that there Is potential for software to send data to the smartcard that has a 
different meaning from that understood by the user when viewing the screen. This possibility may be sufficient reason 
to introduce doubt into the validity of conventional methods of digitally signing electronic representations of documents 
so that are to be interpreted by people. 

Disclosure of the Invention 

[0014] The present invention aims to provide a user wfth greater trust during a trusted operation by providing a trusted 

55 user interface. . 

[001 5] In accordance with a first aspect, the present invention provides a data processing system capable of operating 
in a trusted operating mode, the data processing system comprising: 
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main processing means lor executing at least one application process; 

auusted component comprising means tor executing a trusted process in a trusted operating mode and means 
for generating user feedback signals; 

useMwdteckprocessing means for receiving said user feedback signals and controlling the user feedback device 

wh^th^^ comprises means for controlling the user feedback processing nieanstojause 

the user feedback device to provide an indication that the data processing system is operatng si a trusted opening 
mode. 

[001 6] In preferred embodiments the data processing system comprises secure user input meansjn cor^ication 
with the trusted component via a secure communications path, by which a user may securely interact with the trusted 

process. , 
[0017] In a preferred embodiment of the data processing system: 

the main processing means includes means to execute at least one application process and generate signals 

characterising a main image to be displayed; ,", ... ,„„„.. 

Die user feedback processing means comprises display processing means for receiving said signals and gener- 
ating respective display signals tor driving a visual display unit to display me main image; and 
ihe trusted component comprises means to acquire andtor generate trusted image data and means to control the 
display processing means to combine a respective trusted image with at least a portion of the mam mage in order 
to indicate to a user that the data processing system is operating in the trusted operating mode. 

[0018] In preferred embodiments the data processing system further comprises a secure token reader for reading 
data from and/or writing data to a removable secure token, and a removable token containing data charactering the 
trusted image, wherein the trusted component comprises means to receive said data fiomthe secure tok«v 
[0019] Omer aspects and embodiments of the invention will become apparent from the followtng descnpUcn, claims 

and drawings. 
30 Brief Description of the Drawings 

[0020] Embodiments of the present invention will now be descrtoed in detail with reference to the accompanying 
drawings, of which: 

as Figure 1 is a diagram which illustrates a computer system suitable for operating in accordance with the preferred 

embocfiment of the present invention; , 

Figure 2 is a diagram which illustrates a hardware architecture of a host computer suitable for operatng m accord- 
ance with the preferred embodiment of the present invention; 

Figure 3 is a diagram which illustrates a hardware architecture of a trusted display processor suitable for operating 

40 in accordance with the preferred embodment of the present invention; 

Figure 4 is a diagram which illustrates a hardware architecture of a smart card processing engine suitable for 
opeiathginaccoridan<»wimtheprefen^ , 
Figure 5 b a diagram which iDustrates a functional architecture of a host computer including a trusted display 
processor and a smart card suitable lor operating to accordance wtm tte 

FtaureTfa a flow diagram which illustrates the steps involved in generating an Individual signature of a document; 
Figure 7 is diagram which illustrates the sequence of messages between the trusted display processor and the 
smart card in order lo recover seal image data from the smart card; 

Figure 8 is diagram which illustrates the sequence of messages between the trusted display processor and the 

sc smart card in order to generate a signature of a document image; 4 

Figure 9 is diagram which illustrates the sequence of messages between Ihe trusted display processor and the 
smart card in order to generate a signature of a summary of the document image signng process; 
Figure 10a is a diagram which illustrates an exemplary trusted image; 

Figures 10b to 10d are diagrams which ilustrate the visual steps in signing a document image; and 
ss Figures I0e to 10g are diagrams which illustrate alternative ways of highlighting the image of a document to be 
signed. 
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Best Mode For Carrying Out the Invention. & Industr ial Applicability 

100211 The preferred embodiment utiBses a trusted component that most conveniently uses some of the character- 1 
istics of the trusted component' descrtoed in the applicant's cc-pending European patent application number, 
s 99301100 6 In that application, the trusted component is a hardware device, comprising a processor p^rammed to 
measure an integrity metric of its host computer, compare it with a true value of th^ntegrrty metnc^^rnun^e 
the integrity (or otherwise) ol the host computer to users or other host computers. The significant similarities between 
that trusted component and the trusted component in the preferred embodiment herein are: 

10 that they both use cryptographic processes but preferably do not provide an external interface to those crypto- 

tUthey P a^m^ so that their operation cannot be subverted, at least without 

the knowledge of the legitimate user; and . 
that they both preferably consist of one physical hardware component that is both physically and funetonaly In- 
is dependent of the host computer on which it resides. 

10022] Such independence is achieved by the trusted component having its own processing capability aridmerrwry. 
}oo231 Techniques relevant to tamper-resistance are well known to those skilled In the art of security, as described 
in the applicant's copending application. These techniques include methods for fabricating components to restottam- 

ao paring, methods tor delecting tampering, and methods lor eliminating data when tampering ^detected. It will Ibe ap- 
preciated that, although tamper-proofing is a most desirable feature of the present invention. It does not enter into the 
normal operation of the invention and. as such, is beyond the scope of the present description. 
[00241 In this description, the term trusted 1 , when used in relation to a physical or logical component or anjoppretton 
or process, implies that the behaviour thereof is predictable under substantially any operating condition and highly 

25 resistant to interference or subversion by external agents, such as subversive application software, viruses or physical 

[oSh ren The , err „ -host computer 1 as csed herein refers to a data processing apparatus having at least one data 
processor at least one form of data storage and some form of communications capability for interacting with external 
entities such as peripheral devices, users and/or other computers local* or via the Internet. The term Tiost computer 
30 system' in addition to the host computer itself includes standard external devices, such as a keyboard, mouse and 

VDU, that attach to Ihe host computer. . „ J . . . 

[00261 The term 'document', as used herein, includes any set of data that can be visualised using a host computer 
system Commonly a document will be a textual document, such as a contract However, a document may comprise 
graphics, or pictures, instead of. or as well as. text. In general, a document may comprise a single page or multiple 

35 [0027] The term 'pixmap'. as used herein, is used broaoly to encompass data defining either monochrome or colour 
(or grayscale) images. Whereas the term 'bitmap' may be associated with a monochrome image only, for example 
where a single bit is set to one or zero depending on whether a pixel is 'on' or 'off. -pixmap' is a mo« > 9«™ral ten* 
which I encompasses both monochrome and colour images, where colour images may require up to 24 bits or more 

40 to define the hue. saturation and intensity of a single pixel. . . 

[00281 As will become apparent, the trusted component according to the preferred embodiment herein PfowJesa 
secure interface and ^particular, controls at least some of the disptay functionality of its host computer. The 
trusted component herein may or may not also acquire integrity metrics according to the trusted component in appli- 
cant's co-pending patent application, although such acquisition of integrity metrics will not be considered herein; 

4S [0029] In essence, the preferred embodiment enables a user to digitally sign a document stored on a host computer 
using the private key of the user's smartcard. or other form of secure token such as a cryptographic «>*rcces6or The 
signing is enacted by a trusted display processor (i.e. the trusted component) of the host cornputer under conditions 
that provide the user with a high level of confidence thai the document being viewed on screen Is in fact the documen 
the smartcard is signing. In particular, the smartcard carries trusted image data, or a 'seal', v^chte passed to the ho^ 

so computer over a secure channel and displayed by the Irusted component during the sigmng procedure It is m part the 
display of the trusted image, which is typically unique to the user, which provides the userwrth «^^ f ^^' he 
trusted component is in control of the signing operation. In addition, in the preferred embod.ment. the host .computer 
provides a trusted input device, connected directly to the trusted display processor by which the user can interact with 
the host computer in a manner which cannot be subverted by other functkxis of the host computer. 

ss [0030] More particularly, the trusted display processor or a device with similar properties is assateted wrth vxteo 
data at a stage in the video processing beyond the point where data can be manipulated by standard host computer 
software This allows the trusted display processor to display data on a display surface without interference or subver- 
sion by the host computer software. Thus, the trusted display processor can be certain what image is currently being 
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displayed to the user. This is used to unambiguously identify the image (pixmap) that a user is signing. A side-effect 
of this is that the trusted display processor may reliably display any of its data on the display surface, including, for 
example the integrity metrics of the prior patent application, or user status messages or prompts. 
[00311 ft willbeappreciatedthat. while the preferred embodiment is described in relation to a digital signing operation. 

s the concept of providing a trusted user interface is far more broadly applicable to any operation for which a user needs 
to be able to trust his host computer system, for example during an electronic transaction. 
[00321 Figure 1 illustrates a host computer system according to the preferred embodiment, in which the host computer 
is a Personal Computer, or PC. which operates under the Windows NT™ operating system. According to Figure 1. the 
host computer 100 is connected to a visual display unit (VDU) 105. a keyboard 110. a mouse 115 and a smartcard 

to reader 120 and a local area network (LAN) 125. which in turn Is connected to the Internet 130. Herein, the smartcard 
reader is an independent unit, although it may be an integral part of the keyboard In addition, the hosj cornputerhas 
a trusted input device, in this case a trusted switch 135. which is integrated into the keyboard The VDU, keyboard, 
mouse, and trusted swtch can be thought of as the human/bomputer interface (HCI) of the host computet More spe- 
cifically, the trusted switch and the display, when operating under trusted control, as will be descrfeed, can be thought 

ts of as a trusted user interface'. Figure 1 also illustrates a smartcard 122 for use in the present embodiment as win be 
described. 

[00331 Figure 2 shows a hardware architecture of the host computer of Figure 1. 

[0034] According to Figure 2. the host computer 1 00 comprises a central processing unit (CPU) 200. or main proc- 
essor connected to main memory, which comprises RAM205andROM2l0,allof which are mounted on a motrwrboard 

zo 215 of the host computer 100. The CPU in this case is a Pentium™ processor. The CPU is connected va a PCI 
(Peripheral Component Interconnect) bridge 220 to a PCI bus 225. to which are attached the other main components 
of the host computer 100. Tne bus 225 comprises appropriate control, address and data portions, which wiflnotto 
described in detail herein. For a detailed description of Pentium processors and PCI architectures, which » beyond 
the scope of the present description, the reader is referred to the book, The Indispensable PC Hardware Handbook'. 

*5 3rd Edition, by Hans-Peter Messmer. published by Addison-Wesley. ISBN 0-201 -40399-4. Of course, the presort em- 
bodiment is in no way limited to implementation using Pentium processors. Windows ™ operating systems or PCI buses. 
[00351 The other main components of the host computer 100 attached to the PCI bus 225 include: a SCSI (small 
computer system interface) adaptor connected via a SCSI bus 235 to a hard disk drive 240 and a CD-ROM drive 245; 
a LAN (local area network) adaptor 250 for connecting the host computer 1 00 to a LAN 1 25, via which the host computer 

so 100 can communicate with other host computers (not shown), such as file servers, print servers or email servers, and 
the Internet 130' an IO (input/output) device 225. for attaching the keyboard 110. mouse 115 and smartcard reader 
1 20* and a trusted display processor 260. The trusted display processor handles all standard display functions plus a 
number of further tasks, which will be described in detail below. 'Standard display functions' are those functions that 
one would normally expect to find in any standard host computer 1 00, for example a PC operating under the Windows 

ss NT™ operating system, for displaying an image associated with the operating system or application software. It should 
be noted that the keyboard 110 has a connection to the IO device 255. as wen as a direct connection to the trusted 
display processor 260. 

[00361 All the man components, n particular the trusted display processor 260, are preferably also integrated onto 
the motherboard 215 of the host computer 100, although, sometimes, LAN adapters 250 and SCSI adapters 230 can 

40 raw? 16 Figure 3shows a preferred physical architecture for the trusted display processor 260. In accordance with 
the preferred embodiment, the trusted display processor 260 is a single hardware component having the charadensncs 
of a trusted component, providing the standard display functions of a display processor and the extra, fion-staixfard 
f unctions tor generating digital signatures and providing a trusted user interface. The skilled person will appreciate that 

45 the functions could alternatively be physically split hto two or more separate physical components. However, it will be 
appreciated on reading the following description thai integration of all functions into a single trusted component provides 
a most elegant and convenient solution. 

[0036] According to Figure 3. the trusted display processor 260 comprises: 

so a microcontroller 300; 

non-volatile memory 305, for example flash memory, containing respective control program instructions <i.e. 

firmware) for controlling the operation of the microcontroller 300 (alternatively, the trusted display processor 260 

could be embodied in an ASIC, which would lypicaDy provide greater performance and cost efficiency in mass 

production, but would generally be more expensive to develop and less flexfole); 
&5 an hterface 310 for connecting the trusted display processor 260 to the PCI bus for receiving image data (lb. 

graphics primitives) from the CPU 200 and also trusted image data from the smartcard 122. as will be described; 

frame buffer memory 315, which comprises sufficient VRAM (video RAM) in which to store at least one full image 

frame (a typical frame buffer memory 315 is 1 -2 Mbytes in size, for screen resolutions of 1280x768 supporting up 
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DAclStelTo analogue converter) 320 for converting pixmap data into analogue signals tor driving the 
(analogue) VDU 105. which connects to the video DAC 320 via a video interlace 325; 
on interlace 330 tor receiving signals directly from the trusted switch 1 35; 

SiT!l!^£T^DRAM (d^nam* RAM) or mere expensive SRAM (static RAM), for stomgstate 
information, particularly received cryptographic keys, and for providing a wor* area or the rrucroc<^troiter 30a 
a cryptographic processor 340. comprising hardware cryptographic accelerators andtor software, airanged to pro- 
vide trusted display processor 260 with a cryptographic identity and to provide authenticity, sttegrrty and con- 
fidentiality, guard agaist replay attacks, make digital signatures, and use digital certificates, as w.H be deserted 

10 in more detail below; and j«..,„„ 1 ^j«.i~ n »««« 
non-volatile memory 346. for example flash memory, tor storing an identifier of the trusted d«*lay processor 
(for example a simple text striig name), a private key Spp of the trusted display processor 260. a certificate 
' Cert™, signed end provided by a trusted third party certification agency, such as VeriSign Inc.. which binds the 
tested display processor 260 with a signature public-private key pair and a confidentiality pubb*pnvate key pair 
is and includes the corresponding public keys of the trusted display processor 260. 

100301 A certificate typically contains such information, but not the public key of the CA. That public key is typically 
rrWavallSte^ aWte Key Infrastructure' (PK1). Operation ol a PKI is well knovm to those skHled in the art of 

io SSST' The certificate Cerlep is used to supply the public key of the trusted dteptey processor 260 to Ihlid parties in 
sTa wly that third partieTare confident of the source of the public key.and that thepubl* <- <-P« * I ar va.« 
public-private key pair. As such, it is unnecessary for a third party to have prior knowledge of . or to need to acquire. 

the public key of the trusted display processor 260. , 

100411 The trusted display processor 260 lends its identity and trusted processes to the host computer and the trusted 

2S disptovprocessorhasthosopropertesby^ 

terfeMng. Only selected entitles with appropriate authentication mechanisms are able to influence the processes run- 
ning inside the trusted display processor 260. Neither an ordinary user of the host computer, nor any ordinary user or 
any ordinary entity connected via a network to Ihe host computer may access or interfere with the processes runrung 
inside the trusted display processor 260. The trusted display processor 260 has the property of bemg "mviotete 

30 100421 Originally, the trusted display processor 260 is inrtialisedwfth its identity, private key and certificate by secure 
communication with the trusted display processor 260 after it is installed ontothe nx*hejboard cj ^hojrt^puier 
100. The method of writing the certificate to the trusted display processor 260 is anak^us to the r^usedto 
inRialisesmartcarete by writing private keys thereto. The secu^^ 

only to the trusted third party (and to the manufacturer of the host computer 100). that is written to the trusted^ display 

as processor 260 during manufacture, and used to enable the writing of data to the trusted display processor 260. Thus, 
writing of data to the trusted display processor 260 without knowledge of the master key is not posstole. 
[00431 It will be apparent from Figure 3 that Ihe frame buffer memory 31 5 is only accessible by the trusted display 
processor 260 itself, and not by the CPU 200. This is an important feature of the preferred embodirnerrt, ^snce ft is 
imperative thai the CPU 200. or. more importantly, subversive application programs or viruses, -cannot modify the 

40 S during a trusted operate. Of course, rt would be feasibte to provrte the same level of security even if the CPU 
S3w dirltiy accessThe frame duller memory 316. as long as the trusted dis ^^^^^^SS 
to have ultimate control over when the CPU 200 could access the frame butler memory 315. Obviously, this latter 

scheme would be more difficult to implement 

A typical process by which graphics primitives are generated by a host computer 100 wiP now be deserted 

<5 by way o. backjound. Initially, an application program, which wishes to display a partner image, ^esanapp^ 
prtate call, via a graphical API (application programming interface), to the operating system An API^plcally pravWes 
a standard interface tor an application program to access specific underlying ^dispfcy "^^^^^ 
Windows NT™, lor the purposes ol displaying an image. The AP. call causes the operating system 
graphics driver library routhe calls, which result in the generation of graphics pnmrtives specific to a j^yproces^ 

bo which in this case is the trusted display processor 260. These graphics prhnmves 

to the trusted display processor 260. Example graphics primitives might be -draw a Ime from point x to point y with 
thickness t orfill an area bounded by points w. x. y and z with a colour a\ . . 

[00461 The control program of the microcontroller 300 controls the microcontroller to provide the standard display 
functions to process the receded graphics primitives, specifically: 

receiving from the CPU 200 and processing graphics primitives to form pixmap data which is directly representative 
of an image to be displayed on the VDU 105 screen, where the pixmap data generally includes intensity values 
for each of the red, green and blue dots of each addressable pixel on the VDU 105 screen; 
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storing the pixmap data into the frame buffer memory 31.5; and 

periodcally. for example sixty times a second, reading the pixmap data from the frame buffer ™m<^ 3^ cav 
verting the data into analogue signals using the video DAC and transmitting the analogue signals to the VDU 105 
to display the required image on the screen 

f f 00461 Apart from the standard display functions, the control program inckide« a functiwi to mix display image daa 
deceived from the CPU 200 with trusted image data to form a single pixmap. The control program also manages 
interaction with the cryptographic processor and the trusted switch 135. _ ^ 

f00471 The trusted display processor 260 forms a part of the overall 'display system' of the host computer 100; the 

io other parts typically being display functions ol the operating system. whk*can b^llerf by ^^S^^ 
whichaccess the standard display functions of the graphics processor, and the VDU 105. In other wordsjhe ttsptay 
system 1 of a host computer 100 comprises every piece of hardware or functionality which is concerned with displaying 

WMsTfa already mentioned, the present embodiment relies on interaction between the trusted display P«csssor 
V 260 and the user's smartcard 122. The processing engine of a smartcard suitable for use h accordance wlhthe 
prelerred embodiment is illustrated in Figure 4. The processing engine comprises a processor 400 for e ^ in 9*andard 
encryption and decryption functions, to support digital signing of data and verification 

elsewhere. In the present embodiment, the processor 400 is an 8-M microcontroller, which has abuDt-h operating 
system and is arranged to communicate with the outside world via asynchronous protocols specified throughlSO 

20 7816 - 3 4 T =0. T=1 and T=14 standards. The smartcard also comprises non-volal.le memory 420. tor example tosh 
memory, oontainhg an rdentiler )sc of the smartcard 122. a private ^^^ t ^ fj^^^J^ 
certificate Cerw. provided by a trusted third party certification agency, which ends the smartcard with P^"P™f e 
key pairs end includes the corresponding public keys of the smartcard 1 22 (the seme in nature to the certificate Cerfcp 
of the trusted display processor 260). Further, the smartcard contains 'sear data SEAL in the nonvolatile memory 420, 

2S which can be represented graphicaDy by the trusted display processor 260 to indicate to the ^[^^ r ^f * 
opTratlTsecurery with the users smartcard, as will be described in detail below In the present oml^imff I* seal 
data SEAL is in the form of an image pixmap. which was originally selected by the user as a unique WenWien tor 
example an image of the user himself, and loaded into the smartcard 122 using welWmown techniques. The processor 
400 also has access to volatile memory 430, for example RAM, for storing state information (such as received keys) 

30 and providhg a working area for the processor 400. and an interface 440. for example electrical contacts, tor commu- 
nicating with a smart card reader. ' . _ .... , 

100491 Seal images can consume relatively large amounts of memory If stored as pixmaps. This may be a distinct 
disadvantage h circumstances where the image needs to be stored on a smartcard 122. where mem^capacity rs 
relatively limited. The memory requirement may be reduced by a number of different techniques. For example, tneseai 

as image could comprise: a compressed image, which can be decompressed by the trusted display processor 260; a 
thumb-nail image that forms the primitive element of a repeating mosaic generated by the trusted dfeplay processor 
260- a naturally compressed rnage, such as a set of alphanumeric characters, which can be displayed by the trusted 
d,splay processor 260 as a single large image, or used as a thumbs image as above. In any of these attematwes, 
th7seal I data itself may be in encrypted form and require the trusted display processor 260 to decrypt the data before 

40 it can be displayed. Alternatively, the seal data may be an encrypted index, which identifies one of a " u ^ r ™ ff^™ 6 
images stored by the host computer 100 or a network server. In this case, the index would be fetched by the trusted 
disotev processor 260 across a secure channel and decrypted in order to retrieve and display the correct image. Further. 
VMsaeAi data could comprise instructions (lor example PostScript'" instructions) that could be interpreted by an ap- 
propriately programmed trusted display processor 260 to generate an image. . ■ 

45 [00501 Figure 5 shows the logical relationship between the functions of the host computer 100, the trusted display 
processor 260 and the smartcard 122. in the context of enacting a trusted signing operation. Apart from logical sepa- 
ration in,o hos. computer 100. trusted display pressor 260 or smartcard !22 functtons ttne '^^^^^"^ 
independently ol the physical architecture, in order to provide a clear representation of the processes whfch lake part 
in a trusted signing operation. In addition, the 'standard display functions' are partitioned from the trusted functions by 

so a line x-y where functions to the left of the line are specifically trusted functions. In the diagram, functions are repre- 
sented in ovals, and the •permanent' data (including the document image for Ore duration of the signing process), on 
which the functions act. are shown h boxes. Dynamic data, such as state data or received cryptographic keysarenot 
illustrated, purely for reasons of clarity. Arrows between ovals and between ovals and boxes represent respective 
logical communications paths. 

65 ro0S11 In accordance with Figure 5. the host computer 100 includes: an application process 500. tor example e 
wcWrocessor process, which requests the signing of a document; document data 505; an operating system process 
Stolen API 511 process lor receiving display calls from the application process 500; a keyboard process 513 for 
providing input from the keyboard 110 to the application process 500; a mouse process 514 lor providing input from 
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the mouse 115 to the application process 500; and a graphics primitives process 515 for generating graphics primitives 
on the basis of calls received from the application process via the API 51 1 process. The API process 511 . the keyboard 
process 513. the mouse process 514 and the graphics primitives process 51 5 are build on top of the operatng system 
process 510 and communicate with the application process via the operating system process 510. 

5 [0052] • The remaining functions of the host computer 100 are those provided by the trusted display processor 260. 
These functions are: a control process 520 for coordinating all the operations of the trusted display processor 260, 
and for receiving graphics primitives from the graphics primitives process and signature requests Irom the application 
process 500* a summary process 522 for generating a signed summary representative of a document signing procedure 
in response to a request from the control process 520; a signature request process 523 for acquiring a digital signature 

10 of the pixmap from the smartcard 122; a seal process 524 for retrieving seal data 540 from the smartcard 122; a 
smartcard process 525 for interacting with the smartcard 122 in order to enact challenge/response and data signing 
tasks required by the summary process 522. the signature request process 523 and the seal process 524; a read 
pixmap process 526 for reading stored pixmap data 531 and passing it to the signature request process 523 when 
requested to do so by the signature request process 523; a generate pixmap process 527 for generating the pixmap 

is data 531 on the basis of graphics primitives and seal image data received from the control process 520; a screen 
refresh process 528 for reading the pixmap data, converting it into analogue signals and transmitting the signals to the 
VDU 105; and a trusted switch process 529 for monitoring whether the trusted switch 135 has been activated by the 
user. The smartcard process 525 has access to the trusted display processor's identity data fe P , private key Sqp data 
and certificate Cerlnp data 530. In practice, the smart card and the trusted display processor Interact with one another 

20 via standard operating system calls. 

[0050] The smartcard 1 22 has: seal data 540; a display processor process 542 for interacting with the trusted display 
processor 260 to enact challenge/response and data signing tasks; smartcard identity data lsc« smartcard private key 
data Ssc and smartcard certificate data Certsc 543. 

[0054] A preferred process for signing a document using the arrangement shown in Figures 1 to 5 will now be de- 

2S scribed with roferenco to the flow diagram in Figure 6. 

[0055] Initially, in step 600.'the user controls the application process 500 to initiate a 'signature request* for digitally 
signing a document. The application process 500 may be realised as a dedicated software program or may be an 
addition, for example a macro, to a standard word processing package such as Microsoft's Word. In either case, neither 
the signature request nor the application process 500 need to be secure, When the user initiates the signature request. 

oo he also specifies the document to be signed. If it is not one which is already fining the whole screen. For example, the 
document may be displayed across a part of the full screen area or in a particular window Selection of a particular 
area on screen is a simple task, when may be achieved in several ways (using a WIMP environment), for example by 
drawing a user-defined box bounding the area or by simply specifying OK>rdinates. 

[0055] Next, in step 602. the application process 500 calls the control process 520 to sign the image that is being 

35 displayed (within a defined area or window) on the screen; the control process 520 receives the call. In parallel, although 
it is not shown, the control process 520 receives any graphics primitives from the graphics primitives process and 
forwards them onto the generate pixmap process 527. The call from the application process 500 to sign a document 
includes the co-ordinates <a,b,c t d) of the edges of the document. Note that this sending of coordinates generaly 
enables the signing of the entire surface of the screen, a complete window, or of an arbitrary part of the screen. The 

40 application process 500 then waits for the control process 520 to return the signature of the image. 

[0057] In response to the signature request, in step 604. the control process 520 forces the image that is to be signed 
to be 'static 1 from the time of the request until the process has been completed. Herein, •static means that the document 
image cannot be modified other than by the trusted display processor 260. This is so that the user can be certain that 
what he sees is what he is signing at all times during the process. In the present embodiment, the control process 520 

«5 achieves a 'static 1 display by 'holding-off , or not processing, any further graphics primitives. In some situations, the 
graphics primitives process (or equivalent) may 'buffer' graphics primitives until the control process 520 is raady to 
receive further graphics primitives. In other situations, graphics primitives for the image to be signed may simply be 
lost. Where the document image fills the whole screen, making the image static is simply a case not processing any 
graphics primitives. However s where the image to be signed forms only a subset, for example a window, of the full 

so screen, the control process 520 needs to determine whether received graphics primitives would at ect the , static , area, 
and reject ones that would. As such, the pixmap of the static document image in the frame buffer memory 315 remains 
unchanged by any instructions from the graphics primitives process, or any other process executing on the CPU 200. 
while the document image is static. 

[0058] Once the document image has been made static, in step 606. the control process 520 instructs the generate 
55 pixmap process 527, including in the call the coordinates (a,b,c,d) provided by the application process 500. to modify 
the pixmap to highlight the document to be signed, as will be described in more detail below with reference to Figure 
10c. Then, in step 608. if a smartcard 122 is not already inserted in the smartcard 122 reader 120. as determined by 
the smart card process 525. the control process 520 instructs the generate pixmap process to display a graphical 
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message asking the user to insert his smartcard 122. This message is accompanied by a ten second countdown timer 
COUNT. If the countdown timer expires (i.e. reaches zero), as a resul of not receiving the smartcard 122. the control 
process cancels the signingoperation in step 614 and returns an exception signal to the application process 500. In 
response, the application process 500 displays an appropriate user message in step 616. If the smartcard 122 is. 
inserted in time, or is already present then the process continues. . 
[0059] Next, in step 618, the control process 520 calls the seal process 524, and the seal process 524 calls the 
smartcard process 525. to recover the seal data 540 from the .smartcard 122. Optionally, the control process 520 cals ' 
the generate pixmap process 527 to display another message indicating to the user that recovery of the seal data 540 
is being attempted In steps 61B and 620, the smartcard process 525 of the trusted display processor 260 and the 
display processor process 542 of the smartcard 122 interact using well known, 'challenge/response' techniques to 
enact mutual authentication and pass the seal data 540 from the smartcard and back to the control process 520. The 
details of the mutual authentication process and passing of the seal data 540 will now be described with reference to 
Figure 7. 

[00601 According to Figure 7. the smartcard process 525 sends a request REQ1 to the smartcard 1 22 to return the 
seal data SEAL 540. The display processor process 542 generates a nonce R, and sends it in a challenge to the 
smartcard process 525. The smartcard process 525 generates a nonce Ffc and concatenates it with nonce R,, signs 
the concatenation f=L, IIFfe with its private key to produce a signature sSopfRjFy, and returns the concatenation R, MR* 
the signature sS^R^) and the certificate Cert^ back to the display processor process 542 of the smartcard 122. 
The display processor process 542 extracts the public key of the trusted display processor 260 from the certificate 
20 Cert D p. and uses this to authenticate the nonce R 1 and the signature sS^R,!^) by comparison with the concate- 
nation R, MR* to prove that the seal request came from the expected trusted display processor 260 and that the trusted 
display processor 260 is online. . - , , , 

[0061] The nonces are used to protect the user from deception caused by replay of old but genuine signatures {called 
a 'replay attack*) by untrustworthy processes, 
25 [0062] Tho display processor process 542 of the smartcard 122 then concatenates f± with As seal data SEAL 540, 
signs the concatenation RgllSEAL using its private key Ssc to produce a signature sSscfRgllSEAL). encrypts the seal 
data SEAL 540 using its private key Sqc to produce encrypted seal data 540 sSsdSEAL), and sends nonce R2. the 
encrypted seal data sSsc(SEAL), the signature sSs^RgllSEALJandthe smartcarcfs certificate Certsc to the smartcard 
process 525 of the trusted display processor 260. The smartcard process 525 extracts the smartcarcTs public key from 
30 the certificate Cert**; and uses this to verify nonce Ffe and the signature sS^FyiSEAL), decrypt the seal data SEAL 
540 from the encrypted seal data 540 sSsc(SEAL) and. finally, return the seal data SEAL 540. via the seal process 
524, to the control process 520. 

[0069] Returning to Figure 6, in step 622, when the control process 520 receives the seal data SEAL 540, it forwards 
the data to the generate pixmap process 527. and instructs the generate pixmap process 527 to generate a seal triage 

35 and use it to highlight the document to be signed, as will be described below with reference to Figure I0d. Then, m 
step 624. the control process 520 instructs the generate pixmap process 527 to display a message to the user asking 
whether they wish to continue with the signing operation. This message is accompanied by a ten second countdown 
timer COUNT. If the countdown timer expires, in step 626. as a resul of not receiving a response from the user, the 
control process cancels the signing operation, in step 628, and returns an exception signal to the application process 

40 500. In response, the application process 500 displays an appropriate user message in step 629. If, in step 630, the 
user responds positively by actuating the trusted switch 1 35 within the ten second time limit, the process continues. 
The authorisation to continue could alternatively be supplied over an unreliable channel, rather than by using a trusted 
switch 135, or even using appropriate software routines, providing a reasonable level of authentication is used. Alter- 
natively, it may be decided that the mere presence of an authentic smartcard may be sufficient authorisation tor the 

45 signing to occur. Such an alternatives are a matter of security policy. 

[0064] Next, in step 632. the control process 520 instructs the signature request process 523 to request the slgnng 
of the document image; the signature request process 523 calls the read pixmap process 526 to request return of a 
digest of the pixmap data of the document to be signed; and the read pixmap process 526 reads the respective pixmap 
data, uses a hash algorithm to generate a digest D P0( of the pixmap data and returns the digest to the signature request 

so process 523. Additionally, the read pixmap process 526 generates 'display format data' FD, which includes mformation 
necessary to reconstruct the image from the pixmap data into a text-based document at a later time (FD is not essential, 
since the document text may not need to be reconstructed), and returns this also to the signature request process 523. 
For example, the display format data FD may include the number of pixels on the screen surface and their distribution, 
such as '1024 by 768\ and the font type and size used tor the text (if the document is text-based) in the document (at 

ss least some of this information may instead, or in addition, be contained in a document 'summar/, as wiB be described 
below). In steps 634 and 636. the signature request process 523 interacts with the display processor process 542 of 
the smartcard 122 using well-known challenge/response processes to generate an individual signature of the docu- 
ment as will now be described in detail with reference to the flow diagram in Figure 8. 



10 



BNSOOOO: <EP 1 Q5601 4A1_I_> 



V 



EP 1056 014 A1 

[0065] According to Figure 8, the smartcard process 525 generates a request REQ2 for the smartcard 1 22 to generate 
a signature of the digest D PIX and display format data FD. The display processor process 542 of the smartcard 122 
responds by generating a nonce R3 and sending it to the smartcard process 525 with a challenge to return the digest 
Dp,y and the display format data FD. The smartcard process 525 concatenates the digest Dp, x with the display format 

s data FD and nonce R 3 . and signs the concatenation 0 PIX IIFDIIR3 to produce a signature *9d^prVDI^- The 
smartcard process 525 then sends the concatenation D PK IIFDIIR3 and its respective signature sS w (D PIX HFDIIR3) ito 
the rfsplay processor process 542 of the smartcard 122. The display processor process S42 uses the trusted dispby 
processor's public key (which it has already received in the seal data 540 exchange) to verify the trusted display 
processor's signature sSoptDprxllFDIIRaJand nonce R 3 . to prove thai the digest is the current image d.gest The display 

•0 processor process 542 signs the digest of the pixmap D™ and the display format data FD. using its privale key. to 
produce two signatures sS^D^ and sS^FD) respectively. The display processor process 542of the smartcard 
then returns the signed digest sS^Dprx) and signed display format data sSsc(FD) to the smartcard process 525 of 
the trusted display processor 260. The smartcard process 525 next verifies the digest Dp, x and display format data 
FD. using the smartcard's public key (which it already has as a result of the seal data 540 exchange), and verifies the 

is smartcard's signature, to prove that the smartcard is still onine. 

[0066] Returning to Figure 6. in step 638. the smartcard process 525 of the trusted display processor 260 concate- 
nates the pixmap PIX. the smartcard's signed versions of the pixmap digest sSsc«Ppix) and ,ormal *** 
(FD) to term an individual signature PIXIIsS sc (D Plx )llsS 9C (FD) of the Image, and returns It. via the stature request 
process 523. to the control process 520. which returns the individual signature to the application process 500. The 

a> application process 500 stores Ihe individual signature, in step 640. and responds with a further call to the control 
piocess 520 to •summarise the signing' operation in step 642. The purpose oil a summary is to complete the signature, 
as will be described with reference to the flow diagram in Figure 9 and also the example summary below: 

SS 1 TC-88S03-00.01 

2 Access time: Thu 06-May-1999, 11:18 

3 Pages: 2 

4 ImageOl I 560 x 414 (181,190) (1024 x 168] 
t nr^TM SIGNATURE** 

90 I ^ftltUGoWZheSLDgqQAvGZZ 

+Gr4nun0LqS/twYuPdskyi-4u^^ 
cY5rTC563klov0PTBI/IyqZPxRnic« 

7 END SIGNATURE 

8 Image02 I 670 X 379 (201,228) [1024 x 768] 
35 9 BEGIN SIGNATURE 

10 UVlw5Rgr5F0iAjvOW4GP28NKAA+tOy42uBbP78JeQ5w20MIlafTY)cSNtfn9Vy)cYMPI£ZLwM 



40 7zzV+4fFttuSgOZI4n5iBkSEwtEj0z6ik/n^ 
hujmqkCJO+Dz6+x8kE24Z8YFXLPOI« 

11 END SIGNATURE 

12 Summary signature: 

ktaTdTqY/gPhlGajrSJGqRms+we/c- 
15 END SIGNATURE 



so 



[0067] In step 644 the control process 520 calls the summary process 522 to generate a summary message SUM 
containing the number of images (two in the example summary above) plus the individual signatures of the images 
(lines 6 and 10 of the example), a label identifying the trusted display device (line 1 in the example), the current time 
and date (line 2 in the example) and a signed digest of the summary itself (line 14 in the example). For each image, 
the sumnary also includes the size of the image in pixels (e.g. 560x414 for image 1). the offset from the origin of the 
screen in pixels (e.g. 187,190 tor image 1) and the display resolution in pixels (e.g. 1024x768 for image 1). 
[0068] The summary process 522 then generates a digest of the summary Dsu M in step 646 and calls the smartcard 
process 525 of the trusted display processor 260 to interact wilh the smartcard 1 22 using challenge^esponse processes 
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to generate a signature of the summary digest Day,,, as will now be described with reference to Figure 9. 
[00691 Acco/dingtoFigure9.thesrnartcardprcc^ . 
a signature of the digest of the summary D^m- The display processor process 542of me srortcarigefleratea a n«jce 
Rj and sends it in a challenge to return the digest of the summary Dswi- The smartcard process 525concatenates 

s the digest D SUM with nonce FU and signs the concatenation D SUM IIFC, to produce a signature sS^Ds^llR^ The 
smartcard process 525 of the trusted display processor 260 then sends the concatenation CWIR, an° respecuve . 
signature sSnrfOsuiWU *» display processor process 542. The display processor process 542 then vertftesthe 
trusted display processor's signature and nonce FU. using the trusted display processor's public key (which it already 
has tram the seal data 540 exchange), to prove that the summary is the current summary. Next, the display P^cessor 

io process 542 signs the digest of the summary Qsum using ite private key arxJ sends the signed digest s^D^) to 
the smartcard process 525. The smartcard process 525 of the trusted display processor 260 verifies the digest and 
verifies the smartcartfs signature, using the smartcartfs public key. to prove that the smartcard is still online, 
[00701 Returning to Figure 6. in step 652, the smartcard process 525 returns the summary SUM concatenated wlh 
the signed digest of the summary sSsc(Dsum) (to form concatenation SUMIIsSgclPsuM)). via the summary process 

»s 522. to the control process 520. and the control process 520 returns 1hesumniarySUMIlsS sc (D SUM ) to the application 
process 500. The application process 500 receives the summary in step 654. 

[00711 The individual signature and summary may be used by the application process 500, or any other process 
running on the host computer 1 00 in various ways outside the scope of this Invention, including as proof of contract, 
for storage or tor transmission to other entities. 

so f0072] Finally, in step 656. Ihe control process 520 unlreezes the display, by recommencing receipt and processing 
of graphic primitives associated with the document image, and thereby in effect returns control of the display backto 
the application process 500 or other application software. Alternatively, control may not be handed back to the applh 
cation process 500 until the user actuates the trusled switch 1 35 again, typically in response to another user message, 
which, this time, would not have a timeout period. This would give the user more time to review the static document 

as imago before returning the host computer to standard, non-trusted operation. 

[00731 in wder to venly a signed document, both uie individual signature PIXIIsS^ 

marv SUMIIsSsefDsuw) must be verified. Such verification methods are well known to those skiDed in the art of security 
For exampte. me signature «i the digest of the phma^ 

is publicly avaDable and preferably contained within a digital certificate Certgc supplied by a certrficatton authority. The . 
30 verified digest is then compared with a value obtained by recomputing the digest from the prxmap, where the digest is 
generated using a standard, well-known and defined hash function. If the mat* is exact the signature has been 
verified Other signatures, inducing the summary, are checked hi the same way. 

[00741 A preferred method of enabliig a person to verily the wording of the signed document is to translate the 
pixmap back into an image. This requires an application, or indeed a trusted display processor 260. to toad the prxmap 
as ^ P |Xintotheframebuffermernory315otarespectiverx^ 

that the signsr has signod. 

[0075] Thestegesofhighlightingactocumenttote 

00761 In the pref erred embodiment, the seal data SEAL comprises a pixmap of a trusted image. For example, as 
shown in Figure 10a. the pixmap of the seal data 540 defines a 'smiley face' 1000. Figure 10b illurrtrates ^ irnage 
40 1005 of an exemplary documentDod tobe signed, in a window 101 Oof Ihe screen (not shown). As aflrst highlightng 
step after the image has been made static but before the seal data has been received, the trusted display processor 
260 highlights the documem to be signed by superimposing a frame 1020 around the document mage 1005. as illus- 
trated in Figure 10c. Also, where a smartcard 122 is not present, a user message 1030 asking the user to insert his 
smartcard is displayed accompanied by a ten second countdown timer 1035. as also illustrated in Figure 10c. Next. 
45 when the smiley lace pixmap image is retrieved from the smartcard 1 22, the trusted display processor 260 embellishes 
the frame 1040 with multiple instances 1045. or a mosaic of the smiley lace, as shown in Figure I0d. In addition, as 
shown in Figure 10d. the trusted display processor 260 generates a further user message 1050, aa»mpanied by a 
ten second countdown timer 1055. asking the user whether they wish to proceed wih the signing process. This em- 
bellished frame 1040 both indicates to the user that the coned static image area is being acted on and P™™** 13 0,8 
so user with a high level of confidence that the trusted tfsplay processor 260 is fully h 

presence of the user's own seal image provides confidence to the user that the message has come from the trusted 
display processor 260 rather than from some other (possibly subversive) software application or hardware ckrv.ce. ^ 
[00771 Figures 10e and lOg illustrate alternatives to the frame' visual eflect illustrated in Figures 10c and 10d. In 
Figure I0e. four single seal images 1060 are positioned at the comers of the static document image using the ce- 
ss ordinate* provided by the application process 500. to define the static image area. In Figure 101, the static ™ageis 
defined by modifytig the background thereof to show a single seal image. In Figure 10g. the static image is defined 
by modifying the background thereof to show a mosaic of seal images. It is expected that the skilled reader will be abte 
to think of other visual effects by which the static image may be highlighted in the light of the present descnptton. In 
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addition. It may be desirable to include further status messages during the signing operation, for example "Retrieving 
seal data 540 now.../, •Generating document signature now../, etc. 

[0078] It will be appreciated that the trusted display processor 260 needs to be able to display the seal images) and 
the messages in the correct places on screen. Clearly, the seal image and the message images are temporary, to the 

5 extent they appear during the signature process and disappear thereafter. There are weD-known, standard display 
techniques (or overlaying a first image with a second image, thereby obscuring a part of the first image, then removing 
the second image and restowg the portion of the first image that had been obscured Such techniques are used as a 
matter of course in normal windows environments, for example, where multiple windows may overlap one another. 
The trusted display processor 260 is arranged to implement one of more of these standard techniques for the purposes 

io of superimposing the seal image(s) and the message images over the standard display. 

[0079] In some scenarios, it may be that a document Is too large to fit all at once onto the VDU 105 screen and still 
be easily read by a person. Obviously, for the present embodiment to be practical, it is essential that b user can very 
clearly read the document before signing it. Therefore, the document can be spilt into multiple screen pages, each of 
which needs to be signed and cryptographically chained to the signature of the previous page, as will now be descnbed. 

is [00801 First the application process 500 causes the image of the first page to be displayed and makes a call to the 
trusted display processor 260 for signing as before. When the trusted display processor 260 returns the individual 
signature, instead of requesting a summary, the application process 500 instructs the trusted display processor 260 
to display the image of the second page and sign the image. Clearly, m this case, the trusted display processor 260 is 
arranged to support such a request by the application process 500. Only after all Images have been signed and returned 

so io the application process 500 does the application process 500 issue a request for a summary. Then, the summary 
includes the number of images that were signed in this multi-page document, for example as illustrated in the two- 
page summary above. . 
[0081 J The first page in the multi-page document is signed in the same way as a single page, resulting m return of 
an individual signature/When subsequent images are presented for signing, however, the trusted display processor 

ss 260 recognises that thoy are part of a multi-page document because no summary request was received after the 
previous signature request As a result, the trusted display processor 260 displays a different message, which requests 
permission from the user to sign a continuation page. In response, the user who is signing a multi-page document uses 
the same reliable permission channel as before (for example, the trusted switch 1 35) to confirm to the trusted display 
processor 260 that this page is associated with the previous page, and is also to be signed. When the trusted display 

30 processor 260 receives this multi-page confirmation, it concatenates the signature of the previous signed page with 
the pixmap of the current page, creates a digest of the concatenation, and sends that to the smartcard for signing. This 
is instead of sending a digest of just the current pixmap. This process cryptographically ^chains' a subsequent page to 
the previous page, so that pages cannot be rearranged without detection, nor can intermediate pages be inserted or 
deleted without detection. • 

ss [0082] The validity of the first page may be checked in exactly the same way as a single page. The validity of sub- 
sequent pages is checked using the same method as for a single page, except that the digest of the current pixmap 
is replaced by the digest of the concatenated previous signature aid current pixmap. 

[0083] It will be appreciated that there are many ways of cryptographically chaining a subsequent page to a previous 
page Such ways will be obvious to those skilled m the art of security in the light of the present description. 
<o [0084] For added security, the image of each page of a multi-page document may be arranged to include the con- 
ventional footer 'Page x of y. where V is the number of the page and Y is the total number of pages. This enables 
ready detection by a person of a truncated document simply by reading the document. 

[0085] A significant benefit of the present document signing scheme is that a signed document can be re-signed and 
countersigned. As such, it is preferable lor the summary of a document to include an audit trail. There are many vari- 

45 ations on re-signing and countersigning, although (obviously) an electronic integrity check should always be done 
before any further signing. At one extreme, the new signer could view, confirm and re-sign each signed image in turn, 
effectively replacing the original signature by a new one. This method could be used, for example, by a user signing 
a document prepared for him by someone else. At the other extreme, the new signer could simply 'rubber stamp' the 
original signature by signing the original summary, without necessarily viewing the document at all. This could be useful 

50 to a manager countersigning the work of a trusted employee. 

[0088] For a re-signing operation, the application process 500 issues a re-signing request, and transmits an already 
signed document (plus the individual signature(s) and the summary) to the trusted display processor 260. The trusted 
display processor 260 verifies the signed document using the public key of the signer, recovers the pixmap of the 
document (or each page of the document) and displays each verified image in the correct order to the new user, as if 

ss they were original images from the signature request application. The user confirms the acceptance of each individual 
image, for example using a trusted switch 1 35 as before, and causes the images to be signed as before by a smartcard 
belonging to the new user. This results in a signed document that is the same as the original document, except that it 
has been signed by the smartcard belonging to the new user. 
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[0087] Similarly, for a counter-signing operation, the application process 500 issues a countersigning request and 
transmits the signed document (plus individual signatures and the summary) to the trusted display processor 260. The 
trusted display processor 260 verifies the signed document and displays each verified image in the correct order to 
the new user, as if they were original images from the application process 500. The user confirms acceptance of each 
s individual image and the trusted display processor 260 signs the original summary using the smartcard belonging to 
the new user. Optionally the new user could provide a certificate of the previous user's public key. signed by the new 
user, to ease the processing overhead associated with later verification of the signature. 

[0088] Clearly, there are many posstole variations on the theme of re-signing and countersigning, which wiD be ap- 
parent to the skilled person in the fight of the present description. 
' vo [0089] Since a document may have a history of signing, re-signing and/or counter-signing, the present embodiment 
conveniently provides audit information, which forms part of the document summary This audi information allows the 
signature history of the document to be traced. The aurfrt information includes data about the previous state of the 
document and the actions taken by the new user to create the new state of the document. The audit information is 
signed by the trusted cfisplay processor 260, since the audit information must be independent erf the usee The audit 

is information always contains any previous summary information (including the signature on that summary information, 
by the previous signer). If the signed document has been created from scratch, the identity label bp *he trusted 
display processor 260 is inserted as an audit root. The audit information preferably also includes an indication of which 
individual images were viewed and confirmed by the new user, and whether the document was created from scratch, 
or was re-signed, or was countersigned by the new user. To create a summary including audit information, the smartcard 

*o is sent a digest of the audit information concatenated with the previously described contents of a summary; rather than 
a digest of just the previously described contents of a summary. The rest of the process is as previously described. 
[00901 An enhancement to the process for signing a document is that, prior to signing the pbemap data, the trusted 
display processor 260 compresses the pixmap using a lossless compression algorithm so that the overheads associ- 
ated with storing and sending the individual signature are reduced. 

25 [0091] The pixmap may be compressed by standard compression algorithms, for example a codeword-based algo- 
rithm applying LZ-1 or LZ-2 compression. Alternatively, a technique similar to OCR (optical character recognition) may 
be used to compress the pixmap. In this case, the situation differs from conventional OCR in that the input data has 
been perfectly 'scanned, afceit at a lower resolution than in conventional OCR The OCR-compressed version of the 
pixmap may be generated by Woo-matching* to create an alphabet for the pixmap. constructing a pixmap of each 

so character in the alphabet, and constructing a message using those characters, such that the message represents the 
original pixmap. This means that the pixmap can been compressed to a new alphabet and a message written in that 
alphabet. Since there are. obviously, no errors nor ambiguity in the pixmap data, this is a lossless compression method. 
[0092] Another way of reducing the size of the image pixmap is by representing the image as a pure black and white 
image, requiring only a single bit - set to zero or one - to define whether a pixel is black or white. Otherwise, the 

55 document image is represented as a full colour image, where each pixel may typically require up to 24-bits. Obviously 
this technique may be suitable for simple, black and white text-based documents. However, it would not be appropriate 
for colour documents or images. 

[0093] At any time, the document image may be converted back into a text-based document using an OCR-type 
process to reconstruct a standard digital textual representation of the document This technique cannot be used in the 

40 signature, since the textual mapping may be incorrect, but can be used by the receiver of a signed document toconvert 
it back into a standard digital textual representation (such as ASCII) for subsequent machine manipulation. In preferred 
embodiments, the trusted display processor 260 is equipped to enact OCR document recovery. 
[0094] To enact OCR. an OCR alphabet is generated in a standard fashion and is then matched to stored fonts and 
hence converted to a standard character set. As in conventional OCR, ambiguous matches may be retained as a 

45 pixmap and nagged for conversion by the user. (This is unlikely, particularly if font type and size information has been 
supplied in the display format data FD. because there is no error in the data) In cases of extreme caution, the entire 
reconstructed document should be manually checked by a person against the view of the document that the signer 
intended to sign. 

[0095] Preferably all document reconsti uctkxi processes are done by processes that are trusted. 

so [0096] The preferred embodiment descr.bed above relies on the premise that the trusted display processor 260 has 
direct and exclusive access to video data stored in the frame buffer memory 315. beyond the point where the video 
data can be manipulated by host computer 100 software, including the operating system. This implies that the video 

data cannot be modified unless the trusted display processor 260 makes the modification. 

[0097] It win be appreciated that not ail computer architectures are arranged in this way. For example, some computer 

ss architectures are arranged such that the frame buffer memory forms a part of the main memory, thus forming a single 
address space (SAS) display system. One benefit of such a system is that both the CPU and the display processor 
can access the frame buffer memory and share the graphics operation overhead, thereby improving graphics perform- 
ance. Clearly, an implementation of the present invention in such a SAS system cannot rely on the premise that the 
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buffer memory is safe during signing, since the CPU can still access the memory However, there are many ways in 
which such a SAS system may be modified to support implementations of the present invent**. For example, the 
memory could be provided with a control line from a trusted display processor such that dunng a signing operation, 
the memory is prevented from being updated by data from the CPU. The memory devices themselves are preferably 

s modified so that they include the extra logic to perform this function. Aftematively. access to memory isbtockedby 
other loqic circuits inserted into the normal control path ol the memory. Such systems, therefore, rely on the modified 
premisethatthe video data in theframebuflermemory can only be modified, othertlan by the trusted displayproMsaoi; 
with the permission of the trusted display processor. Clearly, this premise is as valid (or secure operation as the first 
premise, as long as the system is truly secure. _ 

io [0098] In other architectures, for example in simple graphics environments, the functionality of a display processor 
may form part of theoperating system itsetf. thereby removing the requirement fa separate display p^ssorliard^re. 
Clearly in this case, the graphics overhead put on the CPU will be higher than in a system with separate display 
processor hardware, thereby limiting Ihe graphics performance of the platform. Clearly, there is then no place tora 
trusted display processor' as such. However, if will be apparent to the skilled person that the same function as provided 

is by the trusted display processor, that of protecting the frame buffer memory and interacting with a smartcard. can be 
implemented using an appropriate trusted component, which controls the display system (in whatever form) during 

mm in other embodiments of the invention, in addition or alternatively, the trusted display processor (or equivalent) 
includes an interface for driving a trusted display. The trusted display might be. tor example, an LCD panel display. In 

x the same way that the trusted switch provides a trusted means for a user to interact with the trusted display P**"** 
the trusted display can provide a trusted means for feeding back information to the user other than via Ihe standard 
VDU For example, the trusted display might be used to provide user status messages, as described above, rotating 
to a signing operation. As such, applications running on the standard host computer should not be able to access the 
trusted display, because the display is connected either directly to the trusted display processor or via some form of 

2S trusted channel. In essence, such a trusted display is an addition to the so-called trusted interface' desenbod above. 
In practice, there is no reason why other forms of trusted feedback device, of which the trusted display » one example, 
could not be included in addition, or as an alternative. For example, there may be scenarios where some form of trusted 
sound device would be useful for providing audble feedback. _ 
[0100] An alternative application for the invention is to provide a trusted interface dunng an electronic transaction 

30 In one exemplary embodiment, the user wishes to send sensitive data to a remote computer system. The user cannot 
be sure that the remote computer system or indeed the host computer he is using, is trustworthy. In order to ensure 
that the sensitive data is safe from interception by unauthorised parties during transmission to the remote computer 
system, and to ensure that only the authentic remote computer system can read tiie sensitive date when it is received, 
the user wishes to encrypt the data using the authentic remote computer system's public cryptographic key. In the 

as embodiment, the host computer incorporates a trusted component which interacts with the user's smart card in order 
to recover and display a trusted image as described in detail above. The trusted image may be displayed on the 
standard VDU screen or on a separate display, such as an LCD display, in order to indicate to the user that the 
component, rather than a subversive application, is in control. The trusted component then interacts with the remote 
computer system in order to recover and authenticate the remote computer system's certificate containing a respective 

* public key With the public key. the trusted component encrypts the sensitive data, which might iteeB also be read from 
the smartcard. and transmits the encrypted date to the remote computer system. 

[0101] There are many other applications, especially e-commerce applications, where the concept of a trusted user 
interface, providing trusted user feedback and trusted user input device(s). would be valuable. As su* the present 
invention should not be read as being limited to the few embodiments described above, and should only be limited by 
<s the language of the claims. 

Claims 

» 1. A data processing system capable of operating 'm a trusted operating mode, the date processing system compris- 
ing: 

main processing means for executing at least one application process; 

a trusted component comprising means for executing a trusted process in a trusted operatng mode and means 
ss lor generating user feedback signals; 

at least one user feedback device; and . 
user feedback processing means for receiving said user feedback signals and controlling the user feedback 
device on the basis of the signals. 
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wherein the trusted component comprises means for controlling the user feedback processing means to cause 
the user feedback device to provide an indication that the data processing system is operating in a trusted 
operating mode. 

2. A data processing system according to claim 1 . further comprising secure user input means, in communication 
with the trusted component via a secure communications path, by which a user may securely interact with the 
trusted process. 

3. A data processing system according to claim 1 or claim 2, wherein: 

the main processing means includes means to execute at least one application process and generate signals 
characterising a main image to be displayed; 

the user feedback processing means comprises display processing means for receiving said signals and gen- 
erating respective display signals for driving a visual display unft to display the main image; and 
is the trusted component comprises means to acquire and/or generate trusted image data and means to control 

the display processing means to combine a respective trusted image with at least a portion of the man wiage 
in order to indicate to a user that the data processing system is operating in the trusted operating mode. 

4 A data processing system accordiig to claim 3. further comprising a secure token reader tor reading data from 
so anoVor writing data toa removable secure token, and a removable token containing data characterising the trusted 
image, wherein the trusted component comprises means to receive said data from the secure token. 

5. A data processing system according to claim 3 or claim 4, wherein the trusted component and the secure token 
each comprise means to interact with the other in order to execute the trusted process. 

26 

6. A data processing system according to claim 5, wherein the trusted component comprises means to control the 
display processng means to combine the trusted image with the main image to highlight at least a portion of the 
main image as being associated with execution of the trusted process. 

30 7 A data processing system according to claim 6. wherein the trusted component comprises means to prevent mod- 
ification by the display processing means of at least the highlighted portion of the main image substantially while 
the data processing system is executing the trusted process. 

a A data processing system according to any one of claims 5 to 7, wherein the trusted component comprises means 
as to interact with the secure token to execute a trusted process which induces generating a digital signature char- 

acteristic of at least a portion of the main image. 

9. A data processing system according to any one of claims 4 to 8, wherein the trusted component comprises means 
to verify the identity of the secure token. 

40 

10. A data processing system according to any one of claims 4 to 9. wherein the secure token comprises means to 
verify the identity of the trusted component. 

11. A data processing system according to any one of claims 4 to 10. wherein each of the trusted component and the 
45 secure token include non-volatile memory. 

12. A data processing system according to daim 11 . wherein the trusted component and the secure token each hold 
a respective private cryptographic key in the respective non-volatile memory. 

so 13. A data processing system according to claim 1 2, wherein the trusted component and the secure token each contain 
a digital certificate including a public key which forms a private/public key pair with their respective private key. 

14 A data processing system according to claim 13, wherein the trusted component and the secure token each com- 
prise means to receive encrypted data from the other and use their respective private keys to decrypt the encrypted 
55 data and/or verify that the encrypted data was encrypted using the corresponding public key. 

IS. A data processing system according to any one of claims 4 to 1 4. wherein the data characterising the trusted image 
is stored by the secure token in compressed form and the trusted component comprises means to decompress 
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the data. . 

16 A data processing system according to any one of claims 4 to 1 5. wherein the data characterise the 
is stored by the secure token in encrypted form and the trusted component comprises means to decrypt the data 
and/or verify that the data was encrypted using a corresponding encryption key 

17 A data processing system according to any one of claims 4 to 16, wherein the data characterising the trusted image 
comprises a series of instructions and the trusted component comprises means to interpret the instructions v\ order 
to generate the trusted Image data. 

18 A data processing system according to claim 6. wherein the trusted component controls the display processing 
, means to highlight the main image, or portion thereof, by producing one or more of the following Visual effects: 

a border, or an indicator (or indicators) defining a border, characterised by the trusted image and placed at 
is least partly around the main image or portion thereof; 

a background pattern characterised by the trusted image forming at least part of the background of the matt 
image or portion thereof; 

an image characterised by the trusted image formed within the main image or portion thereof; and/br 
a text message characterised by the trusted image formed within the main image or portion thereof. 

20 18. a data processing systemaccord^ 

frame buffer memory; t _ . . 

a pixel generator to generate pixel data representative of the main image on the basis of the signals received 
2s from the main processing means; 

a frame buffer refresher to update the pixel data in the frame buffer memory; and 

a video controller to repeatedly read the pixel data from the Irame buffer memory, generate signals suitable 
for driving the visual display unit and transmit said signals to the visual display unit to display the image, 
and wherein the trusted component comprises means to write the trusted image data, or data derived from 
30 the trusted inage data, to at least a portion of the frame buffer memory in order to combine the further image 

with the main image. 

2a A data processing system according to any one of claims 3 to 19, wherein the trusted component and the user 
feedback processing means are embodied h a single applicatk*i-specific integrated circuit or as an appropnately 
35 programmed microcontroller. 

21 A data processing system according to claim 2. wherein the trusted process comprises plural steps and at least 
one of the steps is initiated by user interaction with the trusted component via the secure user input means. 

22. A data processing syslem according to any one of the preceding claims, wherein the trusted component is tamper- 
resistant. 

23. A system comprising: 

«s main processing means for executing at least one application process; 

means for executing a trusted process in a trusted operating mode and means for generating user feedback 
signals; 

at least one user feedback device; and 

user feedback processing means for receiving said user feedback signals and generating respective signals 
so for driving the user feedback device, 

wherein the means tor executing the trusted process comprises means to control the user feedback processing 
means to cause the user feedback device to provide an indication that the data processing system is operating 
in a trusted operating mode. 

ss 24. A method for providing a trusted user interface in a data processing system, comprising; 

executing a secure process and generating respective user feedback signals; 

providing user feedback on the basis of the user feedback signals in such a way to indicate that the data 
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processing system is operating under the secure process. 
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